Aims: To study the association of size at birth and social circumstances at birth with 28 day case fatality of acute myocardial infarction (AMI). Methods: Based on 1,776 first cases of AMI occurring in Uppsala Birth Cohort (men and women born 1915-1929) between 1964 and 2002. Data on circumstances at birth retrieved from archived obstetric records; data on social characteristics in adulthood, hospitalizations, and date of death obtained through linkage to Censuses, Hospital Discharge Register, and Cause of Death Register. Results: We found a U-shaped association between standardized birth weight and case fatality of AMI in men (p ¼ 0.045 for age and period adjusted quadratic trend over quintiles of standardized birth weight) that was driven by cases of AMI occurring during the early years of follow-up. We found no association between standardized birth weight and case fatality of AMI in women. There was a statistically non-significant inverse association of AMI case fatality with social class at birth as well as with social class and household income in adulthood in the cohort. Marital status was a strong determinant of case fatality in men. Conclusions: Standardized birth weight for gestational age was associated with case fatality of AMI in men. Social class at birth was weakly inversely associated with case fatality of AMI in the cohort.
Background
An association of early life factors with risk of cardiovascular disease in adulthood has been demonstrated in a number of studies. Recent systematic reviews have established that small size at birth [1] and low socioeconomic status in childhood [2, 3] are associated with increased incidence and mortality of cardiovascular disease. Even if mortality is often seen as a proxy for incidence, cause-specific mortality reflects a combination of disease incidence and survival. Therefore, studying incidence and case fatality separately makes it possible to distinguish between determinants of aetiology and prognosis. To our best knowledge, no studies have examined how case fatality of cardiovascular disease is associated with factors already present at birth or in childhood.
Studies from the Nordic countries suggest that social disadvantage in adulthood is associated with shorter survival in patients with circulatory disease. In Sweden, living in a more deprived neighbourhood, as well as having lower education or family income, was associated with increased one year case fatality of coronary heart disease [4] . Case fatality rate 28 days after acute myocardial infarction (AMI) was inversely associated with socioeconomic circumstances in the patient's residential area [5] . In northern Sweden, mortality 28 days and one year after AMI in men was higher in workers and self-employed non-professionals than in professionals, whereas there was no clear socioeconomic pattern in mortality after AMI in women or mortality after stroke in either gender [6] . In Gothenburg, Sweden, on the other hand, no associations were found between occupational status and long term coronary heart disease mortality after myocardial infarction [7] . Socioeconomic differences in cardiovascular case fatality have also been explored in Finland where low income was associated with increased 28 days and one year case fatality rates after myocardial infarction [8, 9] . In Denmark, 30 days and one year mortality after myocardial infarction was increased in patients with low education or low income [10] .
In a cohort of Swedish men and women born 1915-1929 in the Uppsala University Hospital, Sweden (Uppsala Birth Cohort, UBCoS) [11] , we have previously found inverse associations between foetal growth rate and ischaemic heart disease (IHD) mortality [12, 13] .
Aims
The aim of the present study is to assess the influence of standardized birth weight for gestational age and social class at birth on 28 day case fatality of AMI, with adjustments for adult socioeconomic position and household income.
Methods

Participants and follow-up
The analysis is based on cases originating from UBCoS (see Figure 1 ). Cohort members with a first registered fatal or non-fatal event of AMI (ICD-7: 420, 8 & 9: 410, 10: I21) between 1964 and 2002 (age 34 to 86 years) constituted the case-cohort for our analyses. After the event they were followed with regard to death from any cause within 28 days, in line with international convention and the event definition of the National AMI Register in Sweden. Multiple births and births with less than 30 completed weeks of gestation were excluded. Five persons who had been living outside Sweden before the case occurred and three persons with unknown vital status 28 days after the case under study (emigrated, had the case less than 28 days before the end of follow-up) were excluded from the case fatality analysis. Data on circumstances at birth were retrieved from archived obstetric records; data on social characteristics in adulthood, hospitalizations, and date of death were obtained through linkage to Censuses, Hospital Discharge Register, and Cause of Death Register. The linkages were made using personal identification number.
Exposure and confounder variables
Size at birth was measured as sex specific standardized birth weight for gestational age. It was calculated as a sex-specific z-score ¼ (the individual birth weight -mean birth weight over participants born within the same week of gestation)/ standard deviation of birth weight for the same gestational age. The calculation was based on all the singletons of the cohort who were born after 30 or more completed weeks of gestation. The z-score was divided into quintiles for the analysis. Gestational age (in full weeks) was calculated from the date of the last menstrual period reported by the mother.
Social class at birth was based on father's occupation as stated in the birth records (mother's occupation if father was missing) and grouped into four categories: non-manual, manual, self-employed class (including farmers), and others (no occupation or occupation could not be coded). Social class in adulthood was based on occupation that was recorded at Census in 1960 and was analyzed as four categories: non-manual, manual, self-employed (including farmers), and others (those with unidentifiable profession, students, military servants and having other than gainful employment or studies). Household total gross income recorded at Census in 1970 was analyzed as quartiles. In analyses including income the identification of cases was restricted to 1970-2002.
The following variables were added in the analysis as possible confounders: parity, mother's civil status at the child's birth and the person's closest recorded marital status before hospitalization based on information from Censuses 1960-1990.
Missing data
Gestational age (and thus standardized birth weight) and social class at birth was missing for approximately 3%. All other variables from birth records were available for more than 99.5%. Adult social class was missing for less than 2%; household total gross income for 6-15% (see Table I ).
The Swedish Hospital Discharge Register was initiated in 1964 as an experiment in the Uppsala region and was gradually extended to cover the whole of Sweden. In 1983 the register covered about 85% of all hospitalizations and in 1987 it reached complete coverage [14] . In 1964, 53% of UBCoS were living in areas that were covered by the Hospital Discharge Register; in 1974, more than 80%, and in 1982, more than 90% of the cohort was living in areas that were covered by the Hospital Discharge Register (see Figure 2 ). The Cause of Death Register covers the whole of Sweden since 1961. In order to avoid overrepresentation of fatal cases, we restricted follow up to the time periods when each administrative area was covered by the Hospital Discharge Register.
Statistical analysis
Logistic regression analysis was used to study 28 day case fatality of AMI (the proportion of cases that were fatal within 28 days among all cases). All the analyses were stratified by gender and adjusted for period of hospitalization and age at hospitalization. Some results were later pooled for men and women. Further adjustments were made in three steps, controlling for (1) The study was approved by the regional Ethics committee in Stockholm.
Results
There were 1,776 registered cases of AMI in the cohort between 1964 and 2002. Their distribution by age, time period, standardized birth weight and social characteristics is presented in Table I .
Adjusted odds ratios of death within 28 days after a case of AMI according to standardized birth weight, social class at birth, and social class and income in adulthood are presented in Tables II and III. We found a U-shaped association between standardized birth weight and AMI case fatality in men (see Figure 3 ). The effect did not change appreciably after adjustments for parity and social characteristics at birth and in adulthood (Table II) . When looking separately at different recruitment periods, we saw that the U-shape is mainly driven by cases occurring at the earliest period of follow up while the association is less pronounced during the later periods (data not shown).
The effect of social class at birth on AMI case fatality was similar in men and women and was therefore analyzed simultaneously, adjusting for sex in the logistic regression models. Compared with non-manual class, risk of death appeared to be Alive and resident in Sweden increased in the other social classes, but the overall effect of social class at birth on AMI case fatality was not significant (Table III) . The association of adult social class and household income with AMI case fatality was similar in men and women and the size and direction of the effects were comparable with the effect of social class at birth (Table III) . Mean household income was highest in the non-manual and lowest in the manual class, but the risk estimates for social class and household income remained largely unchanged when mutually adjusted (not shown). The analyses also revealed that marital status in men was strongly associated with prognosis after an event of AMI. Never married men had age and time adjusted OR ¼ 1.92 (95% CI 1.30-2.84) for death after AMI compared to married and cohabiting men, while the risk in divorced/separated or widowed men was not increased (OR ¼ 1.03 with 95% CI 0.72-1.48). Associations in women were similar but weaker (data not shown).
Discussion
Main findings
In the cohort we found a U-shaped association between standardized birth weight for gestational age and AMI case fatality in men that was stronger in cases of AMI occurring during the early years of follow up. We found no significant association between standardized birth weight and case fatality of AMI in women. In men and women, a weak linear trend was suggested over categories of social class at birth with respect to AMI case fatality. The effect of social class and income in adulthood was similar to that of social class at birth. There was a strong effect of marital status on case fatality of AMI in men.
Strengths
The study was based on cases that occurred in a large and well-defined cohort that included both men and women. According to our calculations total mortality in the cohort between 1961 and 2002 was lower than in the Swedish population [15] , SMR ¼ 0.89 (95% CI 0.86-0.91). There is no comparable information available about AMI case fatality rates in the general population for the follow-up period. As our aim was to study the relative case fatality rates rather than the incidence or the absolute case fatality, we believe that the analysis based on the registered cases within our cohort is reliable. Both hospitalized cases and deaths before reaching hospital are included in this population based study. We had access to detailed birth information from the first third of the 20th century and we could estimate the effects of growth rate in utero and social class at birth on case fatality of AMI. We were able to use individual level socioeconomic characteristics. We are not aware of earlier studies of effects of early life factors on cardiovascular disease case fatality.
Limitations
The number of cases in the cohort was relatively small, especially the number of cases among women, and we may not have enough power to detect small effects. Also, the small number of cases made it impossible to explore possible effect modifications, such as modification of the effect of standardized birth weight by adult social class, an effect modification which was present when studying IHD mortality in the same cohort [12] . Our measurement of marital status and place of living may include misclassifications as the information is gathered from Censuses and may be recorded several years before the case occurred. As we rely on register data, we lacked information on anthropometric and behavioural factors such as smoking, blood pressure, body mass index or physical activity, prevalence of diabetes or treatment procedures. Diagnostic criteria and quality of diagnostics may vary over time and between hospitals. The diagnostics of AMI has been found to vary regionally but be fairly independent of patients' age and gender [16] .
As the Hospital Discharge Register did not cover all parts of the country during the early years of follow up, we missed cases from some regions. Hence, for the years before 1987 we missed hospitalized cases that occurred in cohort members residing in regions that were not included in the register. It is also possible that we missed some first cases which occurred before the start of registering and count recurrent cases as first cases. However, as the cohort was relatively young during the 1960s and 1970s and coverage by the Hospital Discharge Register increased with time, the number of missed cases is probably small. 
Discussion of results
An inverse association between birth weight and IHD was found in a systematic review that included studies with incidence, mortality and prevalence estimates [1] . In individual studies where estimates for both incidence and mortality were available the association was stronger for incidence in some and for mortality in others. Case fatality rate was not reported in any of the studies. As our analysis is the first to find a U-shaped association between size at birth and case fatality of AMI in men, the results need to be confirmed by other studies. We believe that co-morbidity such as diabetes [17] [18] [19] [20] [21] or hypertension [22] in patients at the extremes of the birth weight distribution might put them at a higher risk of dying after AMI, because obesity [23] and diabetes [24] [25] [26] have been shown to be more common in people with a history of low as well as very high birth weight. Recent evidence on the increased case fatality in AMI patients with stress hyperglycaemia [27, 28] also raises the possibility that stress mechanisms might play a role as a link between impaired foetal growth and increased AMI case fatality through hypothesized effects of early environment on the hypothalamo-pituitary-adrenal axis [29] . The effect of size at birth on AMI case fatality in men was more pronounced during the earlier years of follow up, which may indicate a greater effect on the premature cases of AMI; also, during the later years the cohort members are older and the effect of other risk factors may become more pronounced. Adjustments for social characteristics at birth and in adulthood had very little effect on the estimates. The study should be replicated in settings where the role of blood pressure, obesity, smoking and diabetes in case fatality also can be explored. The mechanisms for 28 day case fatality might be related to biological severity and susceptibility of the case but also to factors influencing getting to hospital and in-hospital treatment. There was some evidence that higher social class at birth may have a protective effect on AMI case fatality in men and women, even when controlling for adult social class. There was a suggestion of a negative association of adult social circumstances with AMI case fatality (lower social class and lower income were associated with higher risk of dying); however, those associations were not statistically significant. The strong effect that marital status had on case fatality in men is consistent with earlier findings by Winkleby et al. [4] and probably indicates better access to emergency care in patients who do not live alone.
Conclusions
Our findings suggest that growth rate in utero is associated with 28 day case fatality of AMI in men independent from social characteristics in childhood or adulthood. Men with a very low or a very high standardized birth weight for gestational age have a higher risk of dying after AMI than men with intermediate birth size. Manual social class at birth is associated with statistically non-significantly increased AMI case fatality in the cohort.
